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Abstract. Inactivating treatnnents for viruses such as pasteurization or alkylation by ^propiolactone or 
binary ethyieneimine were tested for their capacity to modify nucleic acids. The modification of a 
nucleic acid was measured as the decrease \q spot intensity in Southern blots after polymerase chain 
reaction (PGR) amplification. The inactivating treatments were applied to-cellular and viral genomic 
material from a human lymphoblastoTd cell line immortalized by Epstein Barr Virus (EBV), which pro- 
duced a monoclonal antibody. 

Pasteurization did not modify the ability to amplify and detect cellular or viral DNA. Binary 
ethyieneimine strongly reduced the amount of detectable DNA and" j8-propi6lactone under particular 
conditions of incubation abolished all trace of DNA. 
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Introduction 

If a continuous cell line is to be used to produce a 
monoclonal antibody for therapeutic purposes the 
final product must be demonstrated to be free from 
viral contamination when the cell line is known to 
carry an infectious virus. Moreover the cellular DNA 
content has to be tested to verify that the amount in 
residual cellular DNA in the final product has been 
reduced to an acceptable level. The aim of these inves- 
tigations is to ensure the absence of undesired bio- 
logical activity such as oncogenicity or infectivity.^ 
The methods used to detect these kinds of biological 
activities are time consim:iing and expensive, because 
they require long-term observation of animals and/or 
cells inoculated with the therapeutic product. 

Potentially, tests for these biological activities can 
be avoided if the absence of genomic material can be 
clearly demonstrated, as infectivity is associated with 
viral genomes and oncogenicity with cellular DNA. 
The polymerase chain reaction (PGR) can detect as 
little as one single molecule of DNA and is therefore 
suitable for screening for traces of genomic material. 

^propiolactone (BPL)^ and binary ethylenimine 

*Author to whom correspondence should be addressed. 



(BEI)3 are known to alkylate nucleic acids. We inves- 
tigated various conditions of al^lation which results 
in genomic DNA becoming undetectable even after 
amplification by PGR of DNA from a cell line delib- 
erately contaminated with Epstein Barr Virus (EBV). 
Aliylation of DNA implies that the nucleic add was 
modified and its modification was measured as the 
decrease in spot intensity obtained after Southern 
blot with a probe which hybridizes the unmodified 
DNA, 

Materials and methods 

The F5 cell line 

A hamnian B lymphocyte was immortalized by EBV 
infection to produce a monoclonal antibody specific to 
Rh(D) blood group antigen.^ The cells were grown in 
a hollow-fiber cartridge in serum free medium^ and 
secreted the immunoglobulin in the supernatant. 

Preparation of DMAs 

High moleoilar weight DNA from peripheral blood 
leucocytes (PBL) of one healthy donor or from the lym- 
phoblastoid cell line was purified according to Blin 
et al^ Briefly, the cells were incubated overnight at 
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56°C under agitation, in 100 mM Tris, 10 mM EDTA 
pH 7-5, containing SDS (1%) and proteinase K (0-2 
mg/ml) (Boehringer, Mannheim, GmbH). The DNA 
was extracted with phenol: chloroform (1:1), and then 
chloroform:isoamylalcohol (24:1). The nucleic acids in 
the aqueous phase were precipitated with ethanoL 
The DNA was resuspended in 10 mM Tris-HCl, 1 mM 
EDTA pH 8-0, its concentration determined by 
measuring UV absorbance at 260 nm and adjusted to 
1 mg/ml. 

The BamC region of the EBV-DNA was inserted 
into a plasmid (pBR 322) and used as a positive PGR 
control. 

Non-specific control DNA was from S. cerevisiae 
(Clontech, Ozyme, France) and the size markers were 
Lambda DNA and pBR 322 (Bethesda Research Lab- 
oratories, Gaithesburg, MD). DNA was digested 
according to the recommendations of the restriction 
enzyme suppher (Boehringer, Mannheim, GmbH). 

Oligonucleotide primers and probes 

Two 20 mer oUgonucleotides primers (PG244'5' 
GAG AAC TCG GCC GTG ATG GA 3' and PG245-5' 
TGA AGT TGG AGG CGG ACG AG 3') corresponded 
to sequences of 120 bp fragment in the BamC region 
of EBV-DNA'' and the 38 mer probe (PG246:5' TGG 
OCT GGG CGT GAA GCT GAG CTT TGG CTC GGC 
CTC CT 3') corresponded to a sequence in the central 
region of the PCR-ampHfied product. 

Primers and probe (PC03, PC04 and RS06) corre- 
sponding to a 110 bp region of the j3-globin gene® were 
also used. The oligonucleotides were synthesized in 
a Milhpore model 8700 automated DNA synthesizer 
by the betacyanoethyl-protected phosphoramidite 
technique.^ 

PCR amplification 

DNA was denatured at 95°C for 10 min and cooled 
rapidly on ice before amplification according to the 
methodology of Saiki.i^^'i^ The AmpliTaq recombinant 
Taq DNA polymerase (2-5 iinits) from Perkin Elmer- 
Cetus (Norwalk, CT) was added to 100 fxl of DNA solu- 
tion. The solution contained 100/nnoles of each 
primer and 20 /imoles of each d NTPs (Pharmacia, 
Uppsula, Sweden), in a 10 mM Tris-HCl buffer pH 8-3 
with 50 mM KCl and 0-01% gelatin (Biorad. Rich- 
mond, CA, U.S.A.) The amplification needed 1-5 mM 
mgCU for the EBV-DNA samples, and 0-75 mM for the 
^globin samples. The reaction mixture was overlaid 
with 50 /il of mineral oil (Sigma, St Louis, MO, U.S.A. ) 
to prevent condensation. Amplification (30 or 45 
cycles) was performed in a thermocycler PH-C2 
(Techne, France). Each cycle included denaturation 



(95°C for 1 min), annealing (54*^0 for 0-5 min) and 
elongation (72°C for 2 min). For the last cycle, elon- 
gation lasted 7 min. The amplification products were 
keptat4°C. 

Southern blot analysis 

Amplification products (10-30 jul) were electro- 
phoresed on a 4% agarose gel (3% Nu-Sieve GTG, 1% 
Seakem, FMC Bioproducts, Rockland, ME, U.S.A.) in 
Tris-borate EDTA buffer. DNA was stained with 
ethidium bromide, transferred to a Nytran-N nylon 
membrane (Schleicher and Schuell, Keene, NH, 
U.S.A.)" and exposed to UVfor 2 min. The filters were 
prehybridized for 2 h at 42°C in prehybridization 
buffer containing formamide (50%), 5 X SSC buffer, 
5 X Denhardt's solution, SDS (1%), EDTA (1 mM)! 
Tris HCl (20 mM) pH 7-5, and denatured sonicated 
sahnon-sperm DNA (100 //g/ml). The filters were then 
probed for hybridization overnight at 42°C with 10® 
cpm/ml of 32p radiolabeled probe in the same 
solution supplemented with 10% dextran siilfate. Fil- 
ters were then washed three times in 2 x SSC, 0-1% 
SDS for 15 min at room temperature and once in 0-1 
X SSC, 0-1% §PS for 15 min at 70°C. Fikns were 
exposed to tiie filters for 6 h or 24 h with 
intensifiring screens at -SO^'C. 

Slot-blot analysis 

Samples (10 /d) were applied to a Nytran-N nylon 
membrane on a Minifold-U apparatus (Schleicher 
and Schuell) and then, the membranes were 
hybridized as described above. 

DNA radiolabeling 

The synthetic probes were end-labeled with 
('^32p)dATP 5000 Ci/mmole, Amersham, France) by 
incubation with T4 polynucleotide kinase^^ from 
Boehringer Mannheim (Meylan, France). High 
molecular weight DNA was labeled with (a-32p)(iCTP 
(3000 Ci/mmole, Amersham, France) by nick-trans- 
lation and the incorporation was stopped by TCA 
precipitation. ^2 

Treatment with chemicals 

^propiolaetone (BPL) was obtained fi:-om Serva (St 
CJermain en Laye, France) and stored at -20°C. A 
solution of 1% BPL in 15 mM KH2PO4 pH 8-0 was 
freshly prepared for each experiment. BPL was added 
to DNA solutions to give final concentrations of 
0-025%, 0-05 % and 0-1%. The samples were incu- 
bated either at 4°C or at 37°C in buffers of pH range 
6-5 to 8-0. 

Binary ethyleimine (BEI) was prepared by cycliz- 
ation of 0. 1 M 2-bromoethylamine-HBr in 0.2m NaOH 
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at 37°C for 1 h. The ^-naphthol violet ( a pH indica- 
tor) was added to the solution to check the formation 
of BEI which causes a change in color from violet to 
orange. This solution was added to DNA samples to 
a concentration of 1% (v/v). The solutions were incu- 
bated either at 25*'C for 17 h or 37°C for 5 h and the 
reaction was stopped by addition of sodium thiosul- 
fate."'^* 

Pasteurization 

Immunoglobulin secreted by the F5-cell line was 
purified from culture supernatant. Purified 
immunoglobulin preparations spiked with the plas- 
mid or F5-DNA were incubated at 60°C for 10 h. 

Results 

Cellular DNA is damaged by BPL 

The effects ofpH. The modification of cellular F5- 
DNA Incubated with BPL at 4°C during 72 h was 
influenced by the pH (Fig. lb). DNA incubated with- 
out BPL was successfully amplified by PGR whatever 
the pH. The most intense signals were obtained at 
pH 7-4 or 8-0. When the samples were incubated with 
BPL, the most intense amplification signal was sim- 
ilar to that of the control sample containing 1 pg prior 



to PGR (bl9). However the treated sample contained 
1 /ig of DNA and thus there was a 6 log decrease in 
amplifiable DNA. This loss of signal was observed for 
all samples incubated at pH 7-4 and 8-0, even at the 
lowest concentrations of BPL (b3 and b4). 

Effect of incubation time, F5-DNA was incubated 
at 4''G in bufifer pH 8-0, containing a low (0-025%) or 
a high (0-1%) concentration of BPL. Samples were 
taken at 16 h, 48 h, and 96 h for PGR amplification 
(Fig. 2b and d). The product amplified from the 
0-025% BPL sample was clearly visible after 16 h of 
incubation and weakly visible after 48 h; only a 
minute amount of product was detected by ethidium 
bromide staining after 96 h. Soiithem blot analysis 
gave similar results (Fig. 2d). 

Alkylation was much faster with an initial con- 
centration of 0-1% of BPL. Ethidium bromide stain- 
ing did not reveal any bands from the amplification 
products (Fig 2, b8) and only traces of product were 
detected by hybridization after 48 h of incubation 
(d8), and no signal was detected after 96 h (b9 and 
d9). 

Therefore the higher the concentration in BPL, the 
faster the DNA^Hnactivation. Furthermore, imhy- 
drolized BPL remained active in aqueous solution 
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Figure 1, Detection of EBV-sequence incubated with BPL at varioxis pH and temperatures. 
PCR-amplified DNA products were analjrzed by slot blotting. 

(a) Plasmid-DNA (1 /ig) was incubated with 0-1% pH 8-0 either at 4°C for 40 h (a2) either at 
37°C for 2 h (a3); (al) and (a4) were the respective control samples incubated without BPL. 

(b) F5-DNA (1 Atg) was incubated at 4°C for 72 h with various concentrations of BPL in phos- 
phate buffer of pH range 6-5 to 8-0: 
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The slots bl7, bl8, bl9 and b20 were the control samples containing respectively 1 /ig, 1 ng, 
1 pg and no DNA. 
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^^^^^fo^S^^lltf^il:'^^'^ BPL. PCR-amplified DNA products were electrophoresed on agarose gel 

(a?pSSd Dn1^^!I?w«^^ i P"?'^- ?^ NI digest fragments from pBR 322. 

« J£ (STr til^icT^T^K^tf'p^^' ^"'^ °^ ^* 0.1% BPL treated DNA (0-1 Mg) from S. cere- 

w^nnfif ^^^i^m ^^^'^ itse^(a2). Samples containing BPL were incubated at 4»C for 96 h. pH 8^0 The concen- 
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The sample blO was incubated without BPL and the 
sample b3 was a positive PGR control, 
(c) and (d): autoradiographs of the Southem-blot analysis 
of a and b respectively. 
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Figure 3. Influence of the DNA content. Plasmid-DNA was 
PCR-amplified and one tenth volume was spotted; the cor- 
responding quantities prior to PGR are indicated, ranging 
from 1000 to 0-1 pg. (a) control DNA, incubated without 
BPL; (b) DNA incubated with 0-1% BPL, pH 8-0 for 72 h at 
4«C. 

after 48 h at 4*^0 since some DNA was modified 
between 48 and 96 h of incubation. 

Efficiency of the BPL depends on the DNA content 

The plasroid was treated with BPL at the pH and 
temperature which were as the most effective for 
alkylation of F5-DNA. The difiference between BPL 
(0-025% and 0-1%) treated and untreated samples 
(Fig. 2, a4, a5 and a6) at 4°C for 96 h was small when 
the DNA concentration was 10 ^ml. Alkylation by 
0-1% BPL was not modified by increasing the incu- 
bation temperature to 37°C (Fig. 1, a3). 



Various lower concentrations of plasmid DNA(100 
ng to 10 pg per ml) were incubated with 0-1% BPL at 
pH 8-0 for 72 h at 4°C. After incubation, the target 
DNA sequence for EBV was amplified by PGR and 
the products analyzed by slotblot (Fig. 3). Amplified 
products were detected in the untreated samples con- 
taining 100, 10, 1 ng DNA per ml (al, a2, and a3) and 
non detected in the samples containing 100 pg and 
10 pg DNA per ml (a4 and a5). No amplified product 
was detected in the BPL treated samples containing 
1 ng DNA (b3) or less per ml (b4 and b5). Treated and 
untreated samples were compared by densitometric 
scaiming: inhibition of amplification was 40% at 100 
ng DNA per ml (bl) and more than 90% at 10 ng DNA 
per ml (b2). 

BPL does not inhibit the polymerase chain reaction 

To ensure that the yield of PGR amplification was 
not affected by residual BPL or its degradation prod- 
ucts (e.g. ^hydroxy-propionic add) or contaminants 
in the DNA preparations, control DNA was supple- 
mented with one-tenth volume of specific or non 
specific DNA solution; pretreated with 0-1% BPL at 
pH 8-0 and 4*'C for 96 h. This mixture was amplified 
^ by PGR. In all caies, DNA amplification was similar 
as assessed by ethidium bromide staining (Fig. 2, al 
and a2, bl and b2) and blotting (Fig. 2, cl and c2, dl 
and d2). 
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Figure 4. Kinetics of DNA S3mthesis treated with alkylating agents. (I) PBL-DNA (1 /zg) was incubated 
with 0-1% BPL, pH 8-0 either at 4*C or 37*'C (grey bar). (II) PBL-DNA (1 /ig) was incubated with 1% BEI 
either at 25°C or at 37*'C. Specific activity is expressed as 10' cpm/^g and white bars represent control DNA. 
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Figure 5. Detection of EBV and celliilar sequences after 
alkylatdon by BPL or BEI. PCR-amplified DNA products 
were analyzed by Slot blotting. 

(I) Slot blot with EBV probe, (a) PBL-DNA (1 /ig) incu- 
bated with 0-1% BPL pH 8-0 at 4°C for 72 h (al), a control 
sample was incubated without BPL (a5); (b) PBL-DNA (1 
fig) incubated with 1% BEI at 37X for 5 h (bl), a control 
sample was incubated without BPL (b5); (c) Plasmid-DNA; 
amplified 1 fig (c6) and 1 pg (c7); non-amplified 100 ng (c2). 
500 ng(c3), 1000 ng(c4). 

(II) Slot blot with ^globin probe, (b) PBL-DNA (1 ug) 
incubated with 0-1% BPL pH 8-0 at 4X for 72 h (bl), a con- 
trol sample was incubated without BPL (b2); (c) PBL-DNA 
(1 /ig) incubated with 1% BEI at 37*'C for 5 h (cl), a control 
sample was incubated without BPL (c2). 

Comparing BEI with BPL 

PBL-DNA was incubated with either 0- 1% BPL pH 
8.0 (Fig. 41) or 1% BEI (Pig. 411) and the samples were 
nick-translated to incorporate a P^^ dCTP. The rate 
of incorporation dropped to 40% and 50% of the con- 
trol values in the samples treated with BPL and BEI 
respectively. At all temperatures of incubation, the 
same final result was obtained. However, the incor- 
poration was low in the sample incubated at 4*^0 with 
BPL between 0-5 and 24 h, whereas incorporation 
after 1 h was not more than after 24 h in the DNA 



treated with BPL at 37°C. In the first 6 h of 
incubation at 37°C, the DNA treated with BEI 
incorporated less nucleotide than DNA treated 
with BPL and the final level of incorporation was 
identical. 

Target DNA sequences in EBV and the ^globin 
gene were amplified by PGR fi-om PBL-DNA (Fig. 51 
and 511 respectively) and the products were analyzed 
by slot-blotting. About a 50% reduction in spot inten- 
sity was observed after hybridization with the EBV 
probe (al and bl) whatever the chemical used in com- 
parison with the non treated sample. The j3-globin 
probe gave a stronger hybridization signal with the 
BPL treated DNA than with the BEI treated DNA 
(bl and cl). 

Pasteurization does not modify tlie DNA detection 

The effect of heating was investigated using the 
purified immunoglobidin preparation dehberately 
contaminated with F5-DNA or plasmid. The EBV- 
sequence was amplified by PGR and analyzed by 
Southern blotting (Eig. 6). For both plasmid and F5- 
DNA, the inteiisity of the signal observed on the 
Southern blot was^not modified when the sample was 
heated to 60°C for 10 h^-^ or kept at 4°G.2^ The spot 
intensities were similar to those of the positive PGR 
controls.®'' Therefore heat did not appear to damage 
the DNA. 




— 121 bp 



Figure 6. Detection of EBV sequences in pasteurized 
samples, A purified preparation of immunoglobulin (IgG), 
spiked with 6 /ig of plasmid or F5-DNA was incubated for 
10 h at 60°C (lanes 4 and 5 respectively). Control samples, 
unspiked IgG (lane) and FS-DNA (lane 2) or IgG spiked 
with F5-DNA (lane 3) were kept at 4*^0 for the same time. 
F5 and plasmid-DNA were amplified as PGR positive con- 
trols (lanes 6 and 7 respectively). Lane 8 was the reagent 
control and lanes imder arrows contained size markers 
aambda ffinflll and pBR 322 BstNI). 
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Discussion 

A low temperature (4°C) was sixfficient to modify cel- 
lular DNA or plasmid DNA in presence of 0- 1% BPL. 
BPL treatment at 4°C is the most widely used method 
to inactivate a wide range of vimises,^^ particularly 
the rabies virus for the production of human vac- 
cines. ^"^ This treatment was shown to impair the bio- 
logical activity of cellular DNA.^ Generally, 
inactivation with BPL is achieved by heating the 
virus suspension at 37°C to hydrolyze the residual 
inactivating agent. This is justified as the 
modification observed between 48 h and 96 h of treat- 
ment suggests that active chemical is still present iji 
solution after two days at 4°C. Indeed, undamageS 
DNA was detectable at 48 h but not after 96 h. The 
rate of nucleotide incorporation by nick translation 
was identical for BPL treatment at 37°C and 4°C. 
Moreover, the chemical was not active after 1 h at 
37°C, probably as a consequence of hydrolysis of the 
lactone. Heating to 37°C alone did not modify the 
detectabihty of the DNA after 2 h of incubation. 
Therefore the decrease of signsd observed is only 
ascribable to a chemical reaction with BPL. 

■ The reactivity of BPL with DNA is extremely sen- 
sitive to pH. The efficacy of the reaction was much 
greater at weakly basic pH (7-4 and 8-0) than at neu- 
tral pH (7-0) or weakly add pH (6-5). It may thus be 
possible to use lower concentrations of BPL for com- 
plete inactivation in a medium at pH 8-0. Unfortu- 
nately there are Uttle data in the literature about the 
influence of pH variation on the inactivation kinetics 
of RNA or DNA viruses. Gtenerally the pH range is 
7-0 to 7-5 when inactivating RNA viruses like 
poUovirus" or KTP^ with BPL. 

Binaiy ethyleneimine (BEI) is also widely used (for 
a review see ref 14) and has been used in a standard 
protocol to inactivate some viruses so as to manufac- 
ture veterinary vaccines, like the FMDV vaccine. The 
damage caused to the DNA was revealed by the 
reduced incorporation by nick translation of 
nucleotides in the BEI-treated ssunple, and also by 
hybridization of cellular DNA with the j3-globin 
probe. The hybridization experiments suggest that 
the damage to the nucleotides are more severe in the 
BEI than in the BPL treated DNA. 

Other factors influencing the ability of a chemical 
to damage DNA could be the firequency of the target 
nucleotide (mainly guanin) for BPL in the DNA 
molecule. Obviously number of targets increases with 
the size of the genome. 

Cellular F5-DNA was more sensitive to BPL treat- 
ment than the DNA of peripheral blood leucocytes. 



This preparation of DNA from PBL of a healthy donor 
was found positive in EBV genome. This is in accor- 
dance with the fact that more than 90% of the popu- 
lation is asymptomatically infected.^ Inactive and 
latent infection of the peripheral blood lymphocytes 
may differentiate these polyclonal cellsjfirom F5 cells. 
This F5 cell line was deliberately contaminated with 
EBV to immortalize it and the cells continuously 
secrete infectious virus (results not shown) revealing 
the persistance of the fiill virus genome. 

EBV is a lymphotropic herpes virus with a double 
stranded genome of 172 kbp.^^ This corresponds to a 
large target to an alkylating agent. Conversely, the 
BamC firagment of the EBV-DNA used in this study 
was 8 kbp long and therefore a 22 times smaller tar- 
get than the full viral genome. Our preliminary 
results show that the alkylating agents, BPL and 
BEI, efficiently damage DNA. The effectiveness of the 
alkylation has to be considered not only for DNA but 
also for RNA. In veterinary medicine BEI is the pre- 
ferred inactivating agent for the vaccines containing 
animal viruses with DNA or RNA genomes. In par- 
ticular, it is preferred to formaldehyde for its more 
complete and rapicl inactivation of Foot and Mouth 
Disease Virus.^ However, it has never been used in 
human medicine. 

We show that BPL under particular conditions 
destroys the template function of DNA since PCR 
failed to generate a product capable of hybridizing a 
probe specific of the unmodified DNA. In these con- 
ditions, PCR could be also a predictive in vitro method 
for the absence of biological activity linked to a 
genome. 
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